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Introduction 
Fluorine is scarce but common element. Trace amounts of fluoride are pre-
sent in most natural waters， and it appears to be harmless， or even beneficial in 
preventing one from dental caries， in amount of 1 to 1.5 ppm， but when the amo・
unt becomes excessive， the dental defect known as“mottled teeth" occurs. Large 
number of chemical analyses consisting mainly of determinations of fluoride in water 
have been made in some areas i，n connection with the examination of domestic 
water supplies， whereas， up to the present there is little information regarding 
the particular geological strata most probably responsible for the condition yielding 
significant quantities of fluoride in water (TAYLOR， 1958). 
1n Japan， there are many active volcanoes producing volcanic emanations and 
hot springs. Therefore， the occurrence of waters containing high levelof fluoride 
and the distribution of dental fluorosis among school children have often been 
reported. The district of Mt. Aso， Kumamoto prefecture and Sakura-jima， Kago-
shima prefecture are noteworthy examples. The fluoride content of hot spring 
waters varies greatly， but most of them show high contents. According to 
MATSUURA， KOKUBU et al. (1953)， waters taken from Northern Kyushu show 0 to 9.0 
(average 4.4) ppm F-. MIFUNE and OHTSUKI (1961) reported that the fluoride 
content in the waters at Misasa hot springs， Tottori prefecture ranged from O. 6 
to 9.1 ppm (90 samples)， while it was less than 0.6 ppm in the usual ground 
waters (20 sarnples) in the sarne area. 
1t is natural that regions of hot springs are found waters containing high 
level of fluoride， but this kind of waters has been reported very often from non-
thermal regions where neither hot spring nor volcano is found. For example， 
KOJlMA and HUJITA (1962) reported the fluoride content of waters taken frorn do-
mestic wells in Okayama prefecture and made it clear that out of a total of 1587 
determinations， 230 samples contain rnore than 1.0 ppm F-， and that in the sou-
thern part of this prefecture the waters containing more than O. 61ppm are widely 
distributed. The basements in this part are mainly composed of granites， rhyo-
lites， acidic pyroclastics and Paleozoic formations. 
1n the area of this study， several fluorosis regions have been reported. Above 
al， Funasaka Village in Nishinomiya City and the western part of Takarazuka 
* Contribution from the Department of Geosciences. No. 166. 
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City are well known (Fig. 1). SANITARY BUREAU of HYδGO PREF. OFFICE (1'949) 
examined the content of fluoride in well waters and tap waters taken from Ryδ-
moto and Kohatna Village (western part of Takarazuka City)， Funasaka， Shioze 
and Yamaguchi Village (northern part of Nishinomiya City)， and Arima Town 
(Hyδgo-ku， Kobe City). There are many analyses of fluoride in water for sani-
tary purpose as mentioned above， but， in most case， the result of the analyses is 
not of m uch use for geochemical poin t of view. This is d ue to the following 
reasons; 
(1) it is difficult to make sure of the career of water analyzed because they 
are taken from the wells or taps of domestic use， 
(2) it is impossible to expect the uniformity of distribution of samp1ing sta-
tions beca use they are limi ted in vilIage or town. 
The present investigation was undertaken as a step towards obtaining a better 
understanding of the origin of fluoride in surface waters. Most of the regions 
yielding high fluoride water in this country are underlain by the granites widely 
distributed in the inner zone of south-western ]apan except for thermal areas. 
The granite regions， however， do not always yield high fiuoride water， but yield 
usually low fiuoride water. This paper shows the distribution pattern of fiuoride 
content in surface waters in the RokkδMountains which are chiefiy composed of 
granites and then discusses some factors governing the distribution pattern. 
Su:m:mary of Geology aad Hydrology 
、
The stream waters which fiow through the poorly consolidated Late Cenozoic 
sediments are excluded from the sampling program. The basement is composed 
of igneous and Paleozoic rocks (see the geological map of the RokkδMountains 
by HUJITA， KASAMA et al.， 1964). A summary of the rocks found in the area is 
gi ven below. 
Age Formation Lithology 
Fine grained bioti te grani te 
Medium & coarse grained 
Ibiotite granite 
Rhyoli tic tuff and tu妊
breccia 
???????
?
?
?
?
?
??
?
? Rokkδgranite 
， 
Arima group 
Early? Mesozoic Nunobiki 
granodioli te 
Paleozoic rocks 
Bioti te-horn blende 
granodiori te 
Sandstone， slate， chert 
and hornfels 
Younger 
Paleozoic 
In this study most of the water samples were coUected from the Rokkδgranite 
reaglon. 
The topography in the RokkδMountains is characterized by long and steep 
slopes because these mountains are the result of the uplift of younger tectonic 
movement， called the Rokkδmovement (HUZITA， 1962). On many mountain slopes， 
granitic rocks are exposed， and on others the thin residual soil zone is seen. The 
gradients are also steep in many streams. As a result of the topography， the 
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movement of ground water from the recharge areas to the discharge or stream 
areas general1y takes a direct path. Thus， the circulation of water in this area 
is short in distance and quick in time， resulting in a low concentration of disso-
1 ved so lid in wa ter ~ 
Sampling Program and Location Number 
Within recent years， an interesting feature of the occurrence and distribution 
of ftuoride in water around the RokkδMountains has been recognized. The 
stream and well waters taken from the suburbs of Nishinomiya City were analy-
zed in 1959 (TSURUMAKI， 1959)， those from south-western part of Takarazuka City 
and Ashiya-gawa region in 1962， and those from Arima region in 1964. Summary 
of the analyses which were carried out before 1962 was published together with 
the method of deftuoridation using bone char (TSURUMハ.KIand NAGATA， 1962). 
Through these surveys the author could picture a rough pattern of the dis-
tribution of ftuoride in this area. Then， systematic sampling of stream waters 
was carried out in the winter months of 1965， for the reason that the rain-fall is 
rare and its amount is little in the season. :From ]anuary 16th to March 30th， 
nine times of sampling excursions were made. When it rained， sampling was 
made at least three days after the rain. On the way of sampling it was made a 
rule to repeat the sampling at one or two locations where the water samples were 
taken in the former days. This makes clear the degree of deviation of ftuoride 
content at the same point and gives us some clue to assure the uniformity of 
dissolution of ftuoride from the rocks on which the stream ftows during the mon-
ths. 
The localities of water sampling are given based on the fifth coordinate sys-
tem of the public lands survey system. As a matter of convenience， the code 
numbers are given as follow; the area studied is divided at intervals of 2 Km 
from north to south and 3 Km from east to west; the resulted sections are named 
by two numbers， the first number (1 to 7) shows the range from north to south 
beginning with Takarazuka and the second number (1 to 5) shows the range from 
east to west beginning with Namaze. The third number is the locality number 
of ，vater sample within the section， accordingly the localities are indicated by three 
numbers-3-2-15， for example. The section and locality numbers are shown in 
Fig. 1. 
Analytical Method 
Among many methods suggested for the determination of fiuoride in water， 
the aluminum-hematoxylin or zirconium-alizarin colorimetric methods are believed 
to be the most satisfactory at the present time. Recently， the color systems such 
as zirconium-eriochrome cyanine R (MEGREGL'¥N， 1958) and zirconium-SPADNS 
(Alnerican Water Works Association， 1960. pp. 130-131) have been recommended. 
These methods have advantages of shortening the time required for determination 
and increasing the tolerance to interfering substances， but they have a disadvan-
tage of low range of calibration ; the former is up to 1.2 and the latter is up to 
1.4 ppm F-. 
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1n this study， Megregian-Maier method (A WW A， 1960， pp. 128-129) belonging 
to zirconium-alizarin methods is employed. The reagents needed for this method 
are more nearly stable than those in the other methods， and the concentration of 
alizarin solution is relatively high， resulting in increased color change per unit of 
fluoride. The calibration curve obtained by this method using a filter photometer 
is shown in Fig. 2. Light path of 25mm and green filter having maximum tran-
氏、tαィ。
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Gonιe J1ra抗の、n0/ F-(ttm) 
Fig. 2 Calibration curve for fiuoride 
Zr-alizarin method. Green filter， 25 mm light path. 
、
smittance at 530mμare provided in this method. The calibration curve was pre-
pared for every time of determination. The distillation procedure prior to the 
determination of fluoride has been generally recommended as giving greater relia-
biHty. The procedure， however， isvery troublesome and does not always bring a 
complete fluoride recovery. Poor recoveries are frequently obtained because of 
adsorption or entrapment of fluoride in distil1ation apparatus. 1n the case of 
analysis of fluoride i，n surface waters in the area studied， the amount of inter-
fering substances is usual1y much lower than the limited levels (see A WW A， 1960， 
p. 122). Accordingly， the water samples were put to direct analysis in this study. 
Fluoride Content in Stream Water 
The fluoride contents of water samples taken and analyzed between 1958 and 
March， 1965 are listed in Table 1 together with the other constitument ; pH， 
alkalinity， chloride， sulfate， phosphate and total hardness. The number of sam-
pling localities was 137. Of these， sampling were repeated twice or more at 17 
localities， then the number of analyses were 157. 
人1) Unifoγnity of fluoγide co明~teγzt iγz wateγduringαドγiodof this study・
1n order to clarify the accurate distribution pattern of an element in stream 
water， itis needed to observe the variation of content of that element in water 
at every location for a period of time， but it is difficult to do so. At 17 locations 
water samples were collected and analyzed twice or more at random periods. The 
Fig. 3. 
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( 2) Frequency distribution 01 fluoride content. 
Out of a total of 137 locations， four locations (2-1-1， 2-1-2， 2-2-11 and 4-3-6) 
are underlain by rhyolitic rocks and one location (3-.5-10) by Paleozoic rocks. 
The water samples taken from these five locations contain less than O. 15 ppm F-. 
The water samples taken from pond (3-4-2) and water reservoir (3-2-1) are be-
lieved to be in different chemical environment from the stream waters. The 
frequency distribution， except for the seven samples mentioned above， isexamil1ed 
and sh.own in Fig. 4. 
In order to investigate the frequency distribution the data must be sorted 
into convenient class intervals. The equal arithmetic class intervals between 0 to 
3. 0 ppm are adopted because of the fact that the accuracy of analysis of water 
samples containing less than O. 1 ppm is considered to be poor and doubtful as 
seen from the calibration curve shown in Fig. 2. This distribution is distinctly 
bimodal with one mode in the 0 to 1. 0 ppm range and the other in the 1. 0 to 2. 0 
ppm range. The bimodal distribution seems to be resulted from the mixing of 
two populations， one with fluorine value characterized by the rocks containing low 
fluorine and one with high fluorine. Statistical examination of this kind was used 
in geochemical prospecting for cupper by HUFF， LOVERING et a1. (1961). 
( 3) R egional distrzbution 01 fluoride in water. 
The distribution of fluoride content in stream water is presented in Fig. 5. 
The area studied is divided into two regions according to fluoride content， one 
produce high fluoride waters usually more than 0.9 ppm and one produce low 
fluoride water usually less than 0.5 ppm. High fluoride region include 60 loca-
tions ; their mean val ue of fl uoride con ten ts is 1. 69 ppm and their standard devia-
tion is 0.78 ppm. Low fluoride region is composed of the other 70 locations ; 
their n1ean value is 0.32 ppm and their standard deviation is O. 20 ppm. 
The northern boundary of high fluoride region， as a matter of course， coin-
cide with the Rokkδthrust fault dividing Rokkδgranite from rhyolitic rocks of 
the Arima group. The eastern part of this region is covered by the Late Ceno-
zoic sediments， and consequently stream waters running on the sediments and well 
waters in this region also show high fluoride content (TSURUMAKI and NAGATA， 
1962). The western boundary shows a sharp distinction 9f fluoride content as 
seen at the southern slopes of Mt. Rokkδand Shiraishi-tani， but the southern 
boundary lacks clearness as seen along Oyabu-tani and Ni-kawa. The former 
shows the contrast ranging from 0.1 to 1.5 ppm F-but that of the latter is only 
between O. 65 and 1. 0 ppm. 
Relations of Fluoride Content to Otber Constituents 
The relations of fluoride content to several common constituents in water 
¥-vere examined. Chloride and sulfate are in the range of 3 to 10 ppm and 0 to 10 
ppm respectively， in most water samples. The above ions are brought mainly 
with rain water and partly by pol1ution. Waters containing chloride in the neigh-
borhood of 100 ppm are observed at the north-eastern part of the area studied. 
Locations of the waters and content of chloride are as follows : 2-2-2， 99 ppm ; 
2-2-3， 50 to 100 ppm ; 2-2-6， 292 ppm ; 2-2-7， 74 pplTI. These waters contain also 
slightly higher alkalinity (up to 1.0 mejl)， and markedly higher fluoride (1.9 to 
‘ 
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2.9 ppm) compared with the other waters. 
Mineral springs at Arima， Namaze and Takarazuka are distributed along the 
Rokkδthrust fault which runs through the northern part of the area. These 
mineral waters are characterized by very high concentration of chloride， n x 103 
to 4 X 104 ppm (Table 2). Chloride in the stream waters mentioned above must 
Table 2 
Analyses of Mineral Springs in the RokkδMountains in ppm 
Temp. Cl- HCua- SU42- F- .Analyst (OC) ロ
F司ト
195~96* Arima-Tenjin 43，790 582 0.00 0.75 I阻 DA，N. (1954) 
Namaze 21.0 6，770 1，590 0.0 1.6 
TSURUMAKI M. (1959) 
Bishamon 18.0 10 523 5 2.2 
* The auther observed tbe temperatures during 1964-196'5. 
、
have been brought from the same source as water of the mineral springs along 
the Rokkδthrust， but fluoride cannot be brought about toghther with the spring 
waters. There are two reasons for this conclusion. First， inspite of the fact that 
the spring waters contain large quantities of chloride'， their fluoride contents are 
little as shown in Table 2. The analysis of fluoride accompanied with large quan-
tities of dissolved solid is very difficult. Accordingly， the values of fluoride in 
the table are tentative ones. Second， the water sample taken from the upper 
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stream of Akago-tani(2-2-4) and its lower stream(2-2-3) show 2.4 and 2.2 ppm 
F-， respectively， although the former shows usual chloride content and the latter 
unusual. 
Fluoride andρH. The pH of water is a useful indicator for evaluating the 
power of dissolution of the water toward son1e of the rock forming minerals. For， 
water charged with carbon dioxide， which makes it capable of dissolving certain 
minerals， shows low pH， and water having alkaline pH has a ability to elute the 
fluoride ions adsorbed in soil and weathered rock. For al the water samples， 
including the samples analyzed repeatedly， the relation of fluoride to pH is shown 
in Fig. 6. There cannot be seen a definite relationship between them. Both low 
and high fluoride waters are almost in the range of 6.8 to 7.6 and only nine 
samples out of 15'7 samples have a pH lower than 6.6. 
Fluoride and alkalznity. Bicarbonate， carbonate and hydroxide are measured 
as alkalinity by titrating the water sample with sulfuric acid of known normality 
(usually O.02N). Although many ions can cause alkalinity， the most common 
ones in natural waters are carbonate and bicarbonate. Of them， only bicarbonate 
is present in significant amount in water having a pH of less than 8.3. In this 
study， none of the water samples had a pH more than 7.6. Bicarbonate is pro・
duced by the action of carbon dioxide charged in water on the soil and rock， 
therefore， alkalinity is useful in estimating the career of water analyzed. The 
relation of fluoride to alkalinity is shown in Fig. 7. There cannot be seen a 
definite relationship as in the case of pH. 
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Fig. 7 Relation of fluoride to alkalinity 
Table 3 shows the summaries of Fig. 6 and 7. In this table the values divi-
ding low and high classes of pH and alkalinity are median values calculated from 
the cumulative frequency curves of them shown in Fig. 8. 
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Table. 3 
Relations of fluoride to pH andl alka]~nity 
、
Class of F-
l".o 
‘ 
Class of pH， Alk. Regional distribution F-content interval (ppm) 
Low F- High F-
0""1.0 1.05~2.05 2.05~ • • reglon reglon 
~ low ( ""7 . 06 34* 42 42 24 10 
pH 
( high ( 7.06~) 50 31 49 22 10 
) low (~O. 465 44 33 51 24 2 
Alk. 
、high( 0. 465~) 40 40 40 22' 18 
* Number of samples (Total 157). 
Discussion 
Concerning the analyses of fiuoride content of rain waters in Japan， only that 
of the area around Sakurajima is found in SUGAWARA'S“Geochemistry" (1956). 
Before the eruption of Sakurajima Volcano， southern Kyushu， in 1955， 127 samples 
of rain water at Kagoshima City which is 10 Km west of the volcano， showed 0.01 
to 0.4 (average 0.064) ppm， and among them 95 samples showed 0.03 to 0.07 ppm. 
After the eruption， 90 samples of the rain water showed 0.01 to 0.60 (average 
O. 14) ppm. Around the RokkδMountains active volcano is not located. Accor-
dingly， the addition of fiuoride by rain water to stream water may be neglected 
in considering the origin of it within the area studied. 
In Fig. 5 the distribution of fiuoride in surface waters and outline of geology 
Occurrence 01 Fluorine in the Rokko Mountains， Hyogo Prelecture， Jaρan 37 
(after HUZITA， KASAMA et al.， 1964) are shown， and then the high fluoride region， 
usually more than 1.0 ppm of fluoride in water， is also indicated at the north-
eastern part of the Rokkδgranite region. The waters taken from this region do 
not show a striking contrast in the quality of water with the waters taken frOlTI 
the low fluoride region except for the content of fluoride as shown in Fig. 6 and 
7， and Table 3. 
FLEISCHER and ROBINSON (1963) reviewed comprehensively the data of abun-
dance of fluorine in rocks. They showed a definite tendency toward the increase 
of fuorine contents with increasing content of Si02 ; the average of 77 samples of 
andesites was 210 ppm， 92 basalts 380 ppm， 99 samples of obsidians and rhyolites 
480 ppm， 44 samples of granites and granodiolites 870 ppm， and alkaline rocks are 
definitely the richest in fluorine. Among them granites showed a wide range (0 
to 2000 ppm or more) of fluorine contents. With respect to granites， W ASSERSTEIN 
(1947) reported an interesting opinion. He analyzed 250 rock samples by semi-
quantitative spectrographic method， and then reached an interpretation that fluo-
rine appears to be a good indicator element for some petrographic problem. 
According to his account， marginal parts of granitic bodies show high fluorine 
content， whereas the centers of well eroded batholiths give low figure. 
The granites which are believed to have been emplaced at a certain stage 
from the later Cretaceous to the earlier Tertiary are widely distributed in the 
Southwest Japan. The granite of Hiroshima-type is typical of it. The chemical 
composition of the granite is characterized by its high content of alkali and low 
content of alkali earth (MUKAE， 1954)， notwithstanding so called granites in Japan 
are usually granodioritic rocks. As for the Rokkδgranite， KASAMA (1959) descri-
bed that it is similar to the granite of Hiroshima type. In addition to this he 
suggested that at present exposed part of the granitic body seems to represent 
the marginal facies of the body. The high fluoride content (1.0 ppm or more) of 
stream water in the area studied is considered to be connected with the nature 
of grani te as described above. 
Granting that to be true， itdoes not explain the distribution pattern which 
is divided into two parts， viz. low and high fluoride regions， inthe granite region. 
1n regard to this problem， the appropriate interpretation is not yet established， 
however， there are several approaches to an understanding of the factor causing 
the distribution pattern. 
1t was formerly believed that nearly al the fluorine of crystal1ine igneous 
rocks is present as fluor-apatite， and it was suggested that fiuoride in water also 
is produced by the dissolution of the mineral. If the source material of fiuoride 
were fiuor-apatite， the water would contain phosphate in company with fiuoride， 
but in reality， the coexistence of the two ions was not found at al as shown in 
analytical table. Fluorite also has a possibility to produce fluoride in water. The 
mineral， however， does not seem to be the source of the ion in waters distributing 
consirable wide area because fluorite is found in veins， dikes and pegmatites of local 
occurrence. The geological map of the RokkδMountains edited by HUZITA， 
KASAMA et al. (1964) shows the occurrence of dikes in detail， but there cannot be 
seen any di妊erencein the number of dikes between low and high fluoride regions. 
For these reasons， fiuor-apatite and fiuorite may safely be excluded from the ori-
gin of fiuoride in water in this area. 
、38 Michiji TSURUMAKI 
The major rock forming minerals containing hydroxyl group in their structures， 
such as amphiboles and micas， can be partly replaced by halogens. The substitu-
tion between univalent anions F-and OH-is to be expected from the simi1arity 
of ionic radii and charges (Goldschmidt， 1954). Recent work by GILLBERG (1964) 
shows that micas and amphiboles in Swedish granitic rocks have a large variation 
in fiuorine and chlorine contents. ROBINSON and EDINGTON (1946) already pointed 
out that the source of most of the fiuorine in normal soi1s is thought to be due 
to muscovite， biotite and other micas， although the soi1 contains invariably apatite. 
KORITNING (1951) have shown that in many crystal1ine rocks much or even most 
of the fiuorine is present in silicate minerals， especially in mica， amphibole and 
sphene. 
On the basis of such informations" it may be said that in the area of this 
study，日uoridein water is mainly derived from the silicate minerals， perhaps mica 
fami1y. Then， further evidences of the difference in natures of micas distributed 
in the granite in this area， such as content of fiuorine， degree of resistance to 
weathering and assemblage of the fami1y are needed in order to explain the diffe-
rence between the low and high fiuoride region. The concentration and distri-
bution pattern of fiuorine in micas seems to be affected by the later tectonic and 
chemical history of the petrographic province， as GILLBERG (1964) suggested， but， 
in the present state， itis impossible to discuss further for want of the petrogra-
phic data. In the opinion of the present author the distribution ]patt:ern of fluoride 
in stream waters m1ay be a useful gui1de for t[i)_e petrographic and tectonic studires 
of the Rokkδgranite for the fol1owing reasons ; at the present it is difficult from 
miscroscopic examination of a rock to estimate the content of fiuorine of its micas， 
but it is easy to analysis fiuoride in water; fiuoride concentration of stream water 
suggests， to sorne degree， the relative amount of the fluorine content of the rocks 
on which the stream fiows ; a chemical determination on a single sample taken 
from a stream will represent the mean character in the area drained by the stream 
better than a single rock speciman taken from one locality. 
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Date of Water Condu- Alka- Cl- 5042- P043- Ca2++ F-
Locality temp. ctivity pH linity Mg2+ 
collection (OC) (μz)， 180C) (mej1) (ppm) (ppm) (ppm) (mejl) (ppm) . 
1-2-1 Jan. 29， '65 7.5 81 7.3 0.51 5 7.5 nd. 2.7 
1-2-2 Jan. 29， I 65 9.0 93.5 7.2 0.675 4.5 6.8 nd. 2.85 
1-3-1 Jan. 29， I 65 8.0 36.5 6.5 0.165 3.8 4.8 !? nd. 0.7 
1-3-2 Jan. 29， 165 9.5 49 6.9 0.27 3.8 5.4 0.2 1.15 
1-3-3 Jan. 29， I 65 6.8 46 6.5 0.18 4.6 6.8 nd. 0.85 
March 26， '62 12.3 69 7.2 0.64 3.3 4.2 0.01 0.39 1.9 
1-3-4 May. 24， 162 2'2.5 ，69 7.1 0.38 3.3 4.6 0.36 1.7'5 
Feb. 3， '65 10.5 83.5 7.3 0.61 4.9 6.3 nd. 1.95 
2-1-1 Jan. 26， '65 4.5 72.5 7.4 0.45 7.7 7 0.05 Rhyolite 
2-1-2 Jan. 26， '65 4.5 54 7.5 0.49 2.8 。 0.15 Rhyolite 
May 13， '58 16.0 7.0 0.72 12 8 0.78 2.9 2-2-1 
Jaa. 29， '65 6.0 238 7.5 1.125 42 14 nd. 3.85 
2-2-2 Jan. 29， I 65 5.5 350 7.5 0.775 99 7.5 nd. 1.9 
Jan. 7， '58 8.0 6.9 0.52 49.6 tr. 1.14 2.2 
Jan. 26， '65 5.5 365 7.1 0.96 102 3.5 2.15 
Jan. 29， '65 6.7 364 7.0 0.945 103.5 3.5 nd. 2.2 
2-2-4 Jan. 29， '65 3.7 6'2.5 7.1 0.415 4.1 4 nd. 2.3 
2-2-5 Jan. 26， '65 4.5 88.5 7.4 0.645 4.4 6.3 2.9 
ロ
Jan. 26， '65 2-2-6 4.5 870 7.4 1.065 292 3 2.9 
2-2-7 Jan. 26， '65 9.0 270 6.3 0.70 74 4 2.6 
Jan. 26， '65 2-2-8 6.5 80 7.4 0.70 3.3 nd. 2.25 
2-2-9 Jan. 26， '65 5.5 ，67 7.4 0.53 3.3 2.5 Ili 1.35 
iJ 
2-2-10 J組. 26， '65 6.7 100 7.4 0.45 7.7 7 1.2 
2-2-11 Jan. 26， '65 4.5 57 7.1 0.38 4.4 7.3 0.1 Rhyolite 
2-3-1 : Feb. 3， '65 7.3 50 6.8 0.27 3.85 5.7 nd. 1.75 n 
2-3-2 Feb. 3， '65 6.5 67 6.9 0.465 4.2 4.2 nd. 2.15 
2-3-3 Feb. 3， '65 7.，0 109 7.5 0.91 6.3 6.6 ロ nd. 2.35 
冨
， 
Table 1. Chemical Analyses of 5tream Water ト1:>.cコ
?????
、 ?
??
?
?
? 〉 ? ?
?
。??????。??????
?
? ? ? ? 。 〉 ? 。 ? ? ?
?
? ? ? ?
??
? ?
? ? ?
? 、
??????
?????
? 、
?
??
1.25 
1.15 
0.80 
0.65 
1.05 
1.0 
0.25 
0.45 
0.5 
0.6 
0.65 
3.8 
1.75 
1.25 
1.65 
1.35 
1.3 
1.5 
1.3 
1.5 
1.4 
1.35 
2.3 
1.55 
1.45 
1.9 
0.60 
0.56 
0.58 
0.42 
nd. 
tr. 
0.05 
tr. 
nd. 
nd. 
nd. 
nd. 
nd. 
nd. 
nd. 
nd. 
nd. 
nd. 
nd. 
nd. 
nd. 
???????????
???
??
????
?
????
????
?
。
4.2 
4 
「???????
，?
』?
?
???????
????
?
?
?
?
2.7 
3.5 
5.5 
5.5 
4.3 
6.6 
4.6 
5.5 
4.3 
4.4 
4.2 
6.4 
5.7 
5.2 
5.2 
5.5 
4.8 
3.0 
9.9 
3.85 
4.4 
3.84 
3.85 
4.4 
36.3 
4.6 
6.0 
4.1 
0.675 
0.58 
0.585 
0.79 
0.56 
1.35 
0.54 
0.765 
0.58 
0.26 
0.145 
0.415 
0.495 
0.135 
0.305 
0.36 
0.49 
0.405 
1.28 
0.34 
0.425 
0.405 
0.465 
0.405 
0.495 
0.225 
????????
7.0 
7.0 
7.1 
6.9 
7.0 
6.6 
7.1 
6.4 
7.0 
7.0 
7.5 
6.8 
7.1 
6.9 
95 
84 
42.5 
34.5 
70.5 
77 
46 
70.5 
61 
59 
64.5 
55.5 
160 
51 
95 
82 
82 
48 
160 
57 
87 
95 
77 
59 
81 
141 
????
???
?
?????????
???
??
???
? ???????
????
?
???
?
4.5 
6.5 
4.3 
4.3 
5.8 
7.2 
3， ' 65 
31， '62 
3，165 
3， '65 
31， ， 62 
3， '65 
3， '65 
3， ， 65 
31， ' 62 
3， '65 
3， ， 65 
3， ' 65 
3， ' 65 
3， ， 65 
3， '65 
3， '65 
， 62 
26， '65 
26， ' 65 
26， I 65 
26， '65 
26， '65 
26， '65 
26， ' 65
26， ，65 
26， ， 65 
May. 
Feb. 
May 
Feb. 
May 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Oct. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
2-3由 4
2-3-5 
2-3-6 
2-3-7 
2-3-8 
2-3-9 
2-3-10 
2-3-11 
2-4-1 
2-4-2 
2-4-3 
2-4-4 
2-4-5 
2-4-6 
2-4-7 
2-5-1 
2-6-1 
3-2-1 
3-2-2 
3-2-3 
3-3-1 
3-3-2 
3-3-3 
3-3-4 
3-3-5 
336 
1.65 nd. 。4.4 0.38 7.0 55.5 2.2 3， '65 Feb. 3-3司7
2.2 nd. 6 4.6 0.495 7.0 74 5.3 
r 1.15 
1.15 
ム
トー1.10 
0.44 nd. 
nd. 
0.45 nd. 
2.0 
4.5 
5.4 
4.95 
0.43 
0.38 
7.2 
7.0 
73 
59 
2.0 5.0 0.435 7.2 75 16.5 
3， '65 
31， I 62 
3， ' 65 
31， '65 
Feb. 3-3-8 
16.5 
4.6 
May 
Feb. 
3-3-9 
May 3-3-10 
， 
h 一
Date of Water Condu- l Alka- Cl- S042- P043- Ca2++ F-
Locality temp. ctivity pH linity Mg2+ 
col1ection (OC) (μu， 180C); (mejl) (ppm) (ppm) (ppm) (me/1) (ppm) 
3-3-"11 March 10， '65 9.2 136 7.3 0.90 12.1 5 nd. 1.10 2.6 
3-3-12 March 10， '65 5.5 91 7.1 0.575 6.05 4.5 nd. 0.72 3.55 
3-3-13 March 10， '65 6.0 65 7.1 0.415 3.3 4 nd. 0.49 2.0 
March 10， '65 71.5 7.0 0.485 4.2 3.5 nd. 0.575 2.5 3-3-14 8.2 
7.0 0.43 6.8 nd. 3-4-1 March 10， '65 7.0 71.5 4.5 0.49 0.85 
3-4-2 Feb. 18， '65 4.5 40 6.2 0.09 7.4 6.3 nd. 。 Pond 
3-4-3 Feb. 18， '65 3.5 30 6.2 0.09 4.2 3.5 nd. 。
nd. 3-4-4 Feb. 18， '65 6.2 62 7.0 0.42 4.7 4.5 0.9 
Oct. '62 14.0 71 7.3 0.46 3.8 。 nd. 0.46 1.30 
Feb. 18， '65 7.0 67 7.0 0.45 4.7 4.5 nd. 1.35 
Oct. '62 76 7.3 0.49 3.8 6 nd. 0.56 1.0'5 13.5 
3-4-6 
Feb. 18， '65 4.8 74 7.0 0.52 5.2 6 nd. 1.15 
3-4-7 Feb. 18， '65 6.3 52.5 6.8 '0.29' 4.7 3 nd. 1.5 
3-4-8 Feb. 18， '65 5.6 49 6.8 0.225 4.2 4.3 nd. 1.6 
3-4-9 Feb. 18， '65 9.3 55.5 7.0 0.'36 4.2 3 nd. 1.55 】
3-4-10 I Feb. 18， '65 6.2 49 6.8 0.315 3.85 3.5 nd. 0.4 
3-4-11 Feb. 1'8， '651 5.3 51 6.9 0，36 4.4 3.5 nd. 0.05 
3-4-12 March 10， '65 3.0 39 6.8 nd. 0.225 0.19 3.3 。 1.7 
3-4-13 March 10， '65 3.5 55 6.9 0.36 3.85 。 nd. 0.37 1.4 
Oct. 6.4 3-5-1 '62 12.3 27.5 0.12 3.8 4 nd. 0.08 0.05 
3-5-2 Oct. ， 62 13.7 42 7.1 0.23 3.4 。 0.05 '0.13 0.7 
3-5-3 Oct. ， 62 13.5 55 7.3 0.35 5.8 。 nd. 0.29 0.5 
3-5-4 Oct. ， 62 69.5 7.1 12.5 0.39 5.8 2 0.05 0.'31 0.25 
3-5-5 71 7.2 3.85 。 nd. Feb. 18， '65 8.1 0.62 0.25 
Jan. 16， '6'5 5.0 69 7.5 0.49 3.5 0.55 3-5-6 、
Feb. 18， '65 7.5 b 69 7.0 0.51 4.5 nd. 0.5 
Jan. 16， '65 5.0 71.5 7.4 0.54 4.0 0.45 
Feb. 18， '65 7.1 71 7.1 0.575 nd. 4.2 3.5 0.4 
.t>. 
b。
~ ?
?
?????
、?，??
??
?〉?
?
。 ? ? ? 、 、 ? ? ? ? 。 ? ? ?
??
、 ? ? ? ? ? 、
? ?
?
??
? ? ? ? ? ? ? 、
??
? ? ? ? ? ? ? ? ?
Paleozoic rock 
0.25 
0.65 
0.60 
0.1 
1.85 
0.73 
nd. 
nd. 
。
7 
4.4 
5.0 
5.8 
1.25 
1.35 
1.4 
1.55 
1.55 
0.75 
0.80 
0.2 
. 0.15 
0.2 
0.35 
0.2 
1.1 
0.9 
0.95 
0.05 
0.05 
0.25 
0.25 
0.2 
0.5 
0.5 
0.4 
0.65 
0.42 
0.37 
0.225 
0.45 
0.41 
nd. 
4 4.4 
0.505 
0.65 
0.715 
0.285 
0.84 
0.54 
0.325 
0.74 
0.48 
0.47 
0.74 
0.65 
0.645 
0.15 
0.79 
0.61 
0.52 
0.235 
0.315 
0.32 
0.305 
0.26 
0.46 
0.42 
0.52 
0.43 
0.46 
0.405 
0.33 
0.56 
nd. 
nd. 
nd. 
nd. 
nd. 
nd. 
nd. 
nd. 
nd. 
nd. 
nd. 
nd. 
???
?
4.2 
4.5 
0 
4 
6.2 
0 
4 
3 
3.7 
3 
2.5 
0 
4.5 
3.3 
。
9 
2 
7 
。
5 
5.5 
4.4 
4.4 
5.7 
5.2 
4.4 
4.9 
5.5 
5.9 
3.6 
3.3 
3.3 
3.85 
6.3 
3.85 
4.6 
4.1 
3.9 
4.1 
4.7 
11.5 
10.0 
9.0 
6.0 
???
??
?
?
???????????
?
???
??
????
????
? ?
?
?
?
?
?
?
?
?
??
?
??
?
?
?
??
?
?
?
?
?
??
?
?
?
?
?
?
???
?
??
?
??
?
?
??
?
?
??
7.2 
7.2 
62.5 
88 
93.5 
61 
110 
81 
56.5 
118 
85 
82.5 
103 
83.5 
78 
6.3 
4.5 
7.8 
???? ???
??
? ?
???
???
「??
??
??
???
??
? ?
63.5 
59 
「??
????
「?
?
??
?????????
???
「?
???
?
?????
?????
?
?
????
? ?
?????っ?
??
??
??
?
???
??
?
??
?
1.5 
1.3 
2.5 
1.2 
0.8 
18，165! 
16， '65 
20， '65 
16， '65 
18， '64 
18， '64 
10， '65 
18， '64 
21， '65 
4， '65 
18， '64 
4， '65 
4， '65 
21， '65 
18， '64 
21， '65 
21， '65 
10， '65 
4， '65 
10， '65 
4， '65 
4， '65 
10， '65 
10， '65 
4， '65 
21， '65 
4， '65 
4， '65 
Feb. 
Jan. 
March 
3-5-8 
3-5-9 
Jan. 
Aug. 
Aug. 
March 
March 
March 
March 
Jan. 
March 
I March 
! March 
March 
Jan. 
Jan. 
March 
March 
Aug. 
March 
Aug. 
Jan. 
March 
March 
Jan. 
Aug. 
3-5-10 
4-3-1 
4-4-3 
4-4-4 
4-3司 8
4-4-2 
4-4-5 
4-4-6 
4-4-7 
4-3-2 
4-3-7 
4-4戸 8
4-3-5 
4-3-6 
4-4-1 
4-3-3 
4-3-4 
March 4-4-9 
0.45 
nd. 
4.5 4.95 0.56 7.3 71.5 。nd. nd. 3 4.1 0.27 6.8 43 1.3 0.3 4， '65 
March 4-4-10 
4， '65 March 4-4-11 
~ 
仁ムコ
。nd. 4.5 4.7 0.18 6.8 43 1.0 4， '65 I March 4-4-12 
、，
Date of Water Condu- Alka- Cl- S042- P043- Ca2++ F-
Locality temp. ctivity pH linity Mg2+ 
collection COC) 〈μ0，180C): (me/1) (pp'm) (pprn) (ppm) (me/1) (ppm) 
‘A 
4-4-13 ]an. 21， '65 5.5 31 6.9 0.13 3.0 4.2 0.15 
4-4-14 ]an. 21， '65 4.3 33 0.14 3.9 6.9 4 0.15 
4-4-15 ]an. 21， '65 3.8 42 7.1 0.26 3.9 3.5 0.45 
4-4-16 ]an. 21， I 65 2.7 67 7.2 0.44 6.6 4.2 0.35 
4-4-17 ]an. 21， '65 3.2 67 7.3 0.48 5.0 4.5 0.6 
nd. 4-4-18 Feb. 18， '65 7.0 55.5 7.0 0.465 3.85 3 0.2 ロ
nd. 4-4-19 Feb. 18， '65 5.5 55.5 7.1 0.46 3.6 3 0.2 
nd. 4-4-20 Feb. 18， '65 5.5 50 7.0 0.375 3.6 3 0.25 
nd. 4-5-1 Feb. 18， '65 4.0 59 7.0 0.47 3.3 3 0.25 
nd. 0.405 4-5-2 March 30， '65 5.5 64.5 7.0 0.315 5.2 7.5 0.2 
4-5-3 March 30， '65 59 7.0 nd. 0.31 7.5 0.315 4.6 6 0.3 
4-6-4 March 30， '65 8.1 75 7.2 0.54 4.0 5.5 nd. 0.505 0.65 
tr. '11 0.475 4-5-5 March 30， '65 11.0 72.'5 7.1 0.505 4.1 5.5 0.55 
4-5-6 March 30， '65 5.8 104 7.4 0.81 6.4 9 nd. 0.97 。
nd. 0..89 4-5~7 March 30， '6S 8.5 104 7.5 .0.805 5.S 8.5 0.6 
nd. 1.415 4-5-8 March 30， '65 8.6 154 7.5 1.075 8.8 13.5 。
4-5-9 March 30， '65 7.5 81 7.2 0.55 5.3 7 nd. 0.535 0.4 
nd. 0'.90 4-5-10 March 30， '65 7.5 0.97 5.5 10.5 105 4.1 1.4 
官
]an. 16，' 65 6.0 105 7.6 0.915 4.0 0.6 4-5-11 i nd. March 30， '65 8.4 116 7.6 0.97 5.5 8.5 1.02 0.65 
4-5-12‘ ]an. 16， I 65 7.0 120 7.6 1.00 4.5 0.7 
nd. March 30， '65 9.6 123 7.6 1.02 5.5 9 1.13 0.65 
nd. 1.47 4-5-13 March 3'0， '65 6.0 161 7.4 1.22 8.2 14 0.2 
4-6-1 ]an. 16， '65 6.0 112 7.6 0.98 5.5 0.6 
Jan. 16， '65 4-6-2 4.0 110 7.5 0.865 6.5 0.65 
]an. 16， '65 4-6-3 5.5 90 7.6 0.685 4.5 0.75 
4-6-4 ]uly 8， '64 20.0 118 7.6 0.52 5.5 0.60 0.5 
4-6-5 July 8， '64 17.3 147 7.6 0.74 7.7 0.85 0.6 
A 
~ 
宮?????〕?
?
? ? ?
?〉??
• 
。 ? ? ? ? ? ? 。 ? ? ? ? ?
? ?
? ? 。
?
? ? ? ? ? ? ? ? ? ?
??
????
??
?
必』
C.Jl 
-6-6 July 8， '64 16.5 118 7.1 0.46 5.5 0.55 0.35 
ー6-7 Jan. 16， '65 5.0 104 7.5 0.78 6.0 0.25 
-6-8 Jan. 16， I 65 5.5 98 7.6 0.70 7.5 0.3 
-4-1 Jan. 21， I 65 7.3 45 7.0 0.25 4.4 4.5 0.4 
-4-2 Jan. 21， '65 3.3 62 7.2 0.43 4.4 4.3 0.5 
-4-3 Jan. 21， '65 3.3 54 7.1 0.31 5.0 4.2 0.35 
-4-4 Jan. 21， '65 3.3 50 7.0 0.25 6.0 3.8 0.2 
-4-5 Jan. 21， I 65 3.7 50 7.1 0.34 3.3 3.9 0.4 
-4-6 Jan. 21， '65 3.5 54 7.0 0.25 8.8 3.5 0.15 
-7-1 Jan. 16， '65 4.0 100 7.2 0.375 9.5 0.15 
-7-2 Jan. 16， '65 3.0 91 7.4 0.365 9.5 0.2 
-7-3 Jan. 16， '65 3.5 103 7.4 0.39 9.5 0.15 
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